Background/Objectives: The goal of the present study was to assess whether geographic factors affect the relationship between socioeconomic indicators and adherence to the French National Nutritional Health Programme (Programme National Nutrition Santé (PNNS)) guidelines. Subjects/Methods: The MONA LISA-NUT study (2005)(2006)(2007) is a cross-sectional survey of a representative sample from northern, northeastern and southwestern France. Educational level and household income tax were recorded by trained interviewers. Food intake was assessed with a 3-day food diary in 3188 subjects aged from 35-64 years. Adherence to the PNNS guidelines was assessed with a validated score (the French score of indicators of the PNNS objective (FSIPO)). Multivariate analyses were adjusted for gender, age, marital status, body mass index, energy intake and medically prescribed diets. Results: The FSIPO score was higher in southwestern France than in the two other regions (Po0.0001). The FSIPO score was correlated with the educational level in northern and northeastern France (Po0.0001) but not in southwestern France (region-education interaction: Po0.001). This interaction was accounted for by fruit and vegetable (Po0.0001), calcium (P ¼ 0.03), saturated fatty acid (Po0.0001), and fibre (P ¼ 0.0001) components of the FSIPO score. In contrast, the income tax level and the FSIPO score were positively correlated (Po0.0001) to a similar extent in all three regions (region Â income tax interaction: P ¼ 0.09).
Introduction
Diet is an important determinant of health in general and in the prevention of cardiovascular disease and cancer in particular (Joint WHO/FAO Experts, 2003; World Cancer Research Fund/American Institute for Cancer Research, 2011) . In France, the National Nutritional Health Programme (Programme National Nutrition Santé (PNNS)) provides guidelines on improving the nutritional habits of the general population (Hercberg et al., 2008) . In recent years, integrated approaches (based on the identification of dietary patterns or the calculation of dietary scores) have been used to assess nutritional habits (Hu, 2002) . In this context, the 'French score of indicators of the PNNS objectives' (the FSIPO score) has been developed and validated for estimating the adequacy of food intake with respect to the PNNS guidelines (Estaquio et al., 2008a) .
Educational level and socioeconomic factors influence food choices and eating behaviours in general (Johansson et al., 1999; Hulshof et al., 2003; Maynard et al., 2006; Deshmukh-Taskar et al., 2007; Kant and Graubard, 2007; Lallukka et al., 2007; Vlismas et al., 2009) and the intake of certain foods and nutrients (such as fruit and vegetables (F&Vs), fibres and saturated fatty acids) in particular (IralaEstevez et al., 2000; Vereecken et al., 2005; Hart Jr et al., 2006; Estaquio et al., 2008a Estaquio et al., , 2008b . These associations may be related to reasoned food choices by better educated people and budgetary constraints in low-income individuals (Drewnowski and Darmon, 2005; Darmon and Drewnowski, 2008) .
Present-day dietary habits and feeding behaviours are also influenced by cultural traditions (Trichopoulo, 2007) . For example, Mediterranean countries tend to share culture, historical influences, lifestyle characteristics and nutritional habits (Keys et al., 1986; Trichopoulou and Lagiou, 1997) . Regional cooking traditions based on the idea of a 'terroir' are still manifest in France (Babayou, 1996) . Although contemporary lifestyles are tending to dissipate traditional habits, strong geographical contrasts are still observed both in France and in Europe as a whole (Slimani et al., 2002; Trichopoulo, 2007) .
Given that cultural and geographical factors can strongly affect nutritional habits, we decided to look at whether these parameters could affect the association between socioeconomic indicators and eating behaviours. To this end, we compared the relationship between educational and income tax levels and nutritional habits in three distinct, geographically contrasted areas of France. We used the FSIPO score to assess the adherence to the PNNS guidelines. The study formed part of the MONA LISA-NUT survey carried out between 2005 and 2007.
Subjects and methods

Population
The 2005-2007 MONA LISA cross-sectional survey of cardiovascular risk factors and nutrition was carried out by the three French MONICA (monitoring of trends and determinants in cardiovascular disease) centres (Ferrieres et al., 2009; Wagner et al., 2011) . The initial MONA LISA sample of 4827 men and women (age range: 35-74) from the Lille urban area (northern France), the Bas-Rhin county (northeastern France) and the Haute-Garonne county (southwestern France) was randomly selected from the electoral rolls. According to 2006 census data, the three regions had 35-75 age range populations of 461 000, 513 000 and 540 000, respectively. The proportion of rural resident is 11.9% in the urban community of Lille, 26.7% in the Bas-Rhin county and 18.6% in the Haute-Garonne county. The sample was stratified by gender, 10-year age class and the number of inhabitants in the town of residence. In the MONA LISA-NUT sub-sample, the age range was restricted to the 35-64 years. All participants were volunteers and gave their written informed consent to participation. None received compensation. The study protocol was approved by an institutional review board, in compliance with the French legislation on biomedical research. The participation rates were 39.8, 53.5 and 69.4% for men and 40.1, 47.3 and 70.7% for women in the northeastern, southwestern and northern areas of France, respectively.
Data collected
Participation in the study included (i) administration of a standard questionnaire on demographic parameters and socioeconomic factors for cardiovascular risk and their management, (ii) measurement of a number of medical parameters (weight, height, waist circumference, blood pressure and heart rate) and (iii) a blood test after 10 h of fasting. All data were collected using specific protocols by trained physicians and nurses at the home of the subject or in the health centre. Educational level was assessed by the subject's stated number of completed years of schooling (from starting primary school until graduation or school dropout). The household income tax level was categorised into four classes: no income tax, oh800, h800-2300 and 4h2300. Subjects on a diet for medical reasons (high blood pressure, dyslipidaemia, diabetes, obesity and so on) were identified by specific questions.
Diet
The nutritional study was carried out in 1617 men and 1571 women aged 35-64. Food intake data were collected by trained dieticians using a prospective 3-day record. The data sets of the individuals were collected evenly over the year: 22.7% in spring, 27.8% in summer, 24.7% in autumn and 24.8% in winter. Portions were estimated against a validated set of photographs and coded using a Centre d'Information sur la qualité des Aliments (CIQUAL) food correspondence table (CIQUAL, 2008) . We used the FSIPO score to analyse the quality of the dietary behaviour (ranging from 0, lowest quality, to 9, highest quality; Estaquio et al., 2008a) . To this end, only the components of the FSIPO score related to food items or nutrients were analysed according to our hypothesis. Points were awarded for (i) high intakes of F&Vs, calcium, carbohydrates, complex carbohydrates and fibres and (ii) low intakes of fat, saturated fats, simple sugars and alcohol (Table 1) .
Statistical analysis
Descriptive data are presented as the mean ± s.d. Log-normal transformation was performed for fibre, F&Vs and calcium intakes, whereas alcohol intakes were categorised for statistical analyses. Generalised linear models, multinomial logistic regression and w 2 -tests were used for baseline comparisons. The interactions between regions on one hand and educational level or income tax level on the other were analysed separately by adding an interaction term to the model. The adjustment variables were gender, age, body mass index (BMI), energy, marital status and medically prescribed diet. To investigate the contribution of each food item (expressed in score points) to the FSIPO region Â education interaction, we pooled the data from northern and northeastern France because there was no statistically significant region Â education interaction between these two centres (see Supplementary Material for details). Statistical analyses were performed using SAS software, release 8.2 (SAS Institute Inc., Cary, NC, USA). The threshold for statistical significance was set to Po0.05.
Results
From the initial MONA LISA-NUT sample of 3188 subjects (1617 men and 1571 women) aged from 35 to 64, we excluded subjects with missing data for marital status (n ¼ 3), BMI (n ¼ 7), medically prescribed diet status (n ¼ 4) and income tax level (n ¼ 87). Hence, the sample size for the final analysis was 3089 (1578 men and 1511 women).
The characteristics of the subjects are summarised in Table 2 . Being on a diet for medical reasons was less common in northern France than in northeastern and southwestern France (Po0.0001). The mean educational level (Po0.0001), income tax level (Po0.0001) and FSIPO score (Po0.0001) were higher in southwestern France than in the northern regions. The most educated subjects were younger (Po0.0001) and less frequently on a medically prescribed diet (Po0.0001) than the less educated subjects. The most educated subjects also had a higher income tax level (Po0.0001) and FSIPO score (Po0.0001) than less educated subjects. Subjects with the highest income tax level were more likely to be male (P ¼ 0.0009) and older (Po0.0001) than subjects with a lower income tax level. The high income tax subjects had a higher educational level (Po0.0001) and FSIPO score (Po0.0001) than subjects with a lower income tax level.
The mean FSIPO scores by region and educational level or income tax level are presented in Figure 1 . In a model adjusted for gender, age, BMI, energy intake, marital status and medically prescribed diet, the region Â educational level interaction was statistically significant (P ¼ 0.0006). The average FSIPO score was higher in southwestern France than in the other regions and was not associated with educational level, with a 0.0036 point difference (95% confidence interval CI, (À0.3385; 0.3313)) between the lowest and highest educational levels (P-trend ¼ 0.26). The FSIPO score was positively correlated with educational level in northern France, with a 0.51 point difference between the lowest and highest categories (95% CI (0.26; 0.76), P-trendo0.0001) and northeastern France, with a 0.69 point difference (95% CI (0.42; 0.96), P-trend o0.0001). In a similar model adjusted for gender, age, BMI, energy, marital status and medically prescribed diet, the region Â income tax level interaction was not statistically significant (P ¼ 0.09). For the three regions taken as a whole, the FSIPO score was positively correlated with the income tax level (Po0.001). Table 3 describes the contribution of each item of the FSIPO score to the educational level Â region interaction. The regions in northern and northeastern France were pooled for subsequent analyses, as there was no interaction between the two in terms of the FSIPO score (P ¼ 0.27). The F&V item score accounted for 56% of the region Â educational level interaction, with saturated fatty acids, calcium and fibres accounting for 31, 18 and 11%, respectively. Figure 2 and Supplementary Table 1 presents the FSIPO food items. There was a statistically significant region Â educational level interaction for the F&Vs (Po0.0001), calcium (P ¼ 0.03), saturated fat (Po0.0001), fibre (P ¼ 0.0001) and simple sugar intakes (Po0.01), but not for the total fat (P ¼ 0.22), total carbohydrate (P ¼ 0.45) and complex carbohydrate intakes (P ¼ 0.07). The mean difference in F&V intake between the highest and lowest educational level categories (412 years versus o9 years) was 66 g/day (95% CI (37; 94), Po0.0001) for northern and northeastern France and À93 g/ day (95% CI (À172; À13), P ¼ 0.01) in southwestern France. Similarly, the difference in calcium intake was þ 115 mg/day (95% CI (71; 159), Po0.0001) in northern and northeastern France and þ 43 mg/day (95% CI (À49; 135), P ¼ 0.08) in Education, income and food intake in France K Wyndels et al Table 2 Characteristics of subjects by region, education level and income tax level southwestern France (P ¼ 0.08). The difference for fibre was þ 2.3 g/day (95% CI (1.5; 3.1), Po0.0001) in northern and northwestern France and À1.3 g/day (95% CI (À3.6; 1.03), P ¼ 0.16) in southwestern France. Simple sugars were positively associated with education þ 1.5% of energy (95% CI (0.6; 2.3), Po0.0002) in the northern regions but not in the southwest À0.8% (95% CI (À2.3; 0.6), P ¼ 0.61). Lastly, saturated fat intake was inversely correlated to educational level in northern and northeastern France (Po0.0006) and positively in southwestern France (P ¼ 0.02). The mean difference in saturated fat intake between the intermediary and lowest educational level categories was À1.50% of fat (95% CI (À2.0; À0.9)) for northern and northeastern France, and the difference between the highest and lowest educational level categories was þ 1.3% of fat per day (95% CI (0.1; 2.7)) in southwestern France. All analyses were repeated by adjusting for income tax level in a model focusing on the educational level and by adjusting for educational level in a model focusing on the income tax level (in addition to the other adjustment variables, that is, gender, age, BMI, energy, marital status and medically prescribed diet). The interaction was significant for the same components of the FSIPO score and food intakes and very few variations were observed in the trends.
Discussion
The results of this study show that the relationship between educational level and nutritional habits differs according to regional factors. In northern and northeastern France, a high educational level is associated with better adherence to healthy nutrition guidelines. In southwestern France, where overall nutrition habits are healthier than in the northern regions, educational level is not related to nutritional habits. In contrast, income tax level correlated with healthy nutritional habits in all three geographical areas. These findings suggest that regional factors may overcome education influences, whereas economic constraints affect nutritional habits in a more uniform way across France. These Education, income and food intake in France K Wyndels et al observations may be useful for the regional adjustment of nutrition information campaigns and the use of public health resources for health promotion in France. Few studies have assessed the influence of regional geographic factors on the relationship between education and nutritional habits. In agreement with this study, educational level was found to be associated with F&V intake in northern Europe but not in most southern European countries (Roos et al., 2001) . Similarly, a significant interaction between educational level and region for food patterns was reported in France for 1995 (Perrin et al., 2005) . There are several possible explanations for these observations. First, although the Haute-Garonne county in southwestern France is not located on the Mediterranean coast, the availability of common food stuffs leads to similar culinary traditions than those of its Mediterranean surroundings (Ruidavets et al., 2004) . Compared with the northern regions of the country, southwestern France uses more F&Vs and fibre, and has a low proportion of saturated fatty acidsa main feature of the PNNS guidelines. As it has been suggested that poorly educated people are more influenced by the cultural environment than well-educated people, thus regional traditions may affect their food habits of in a positive way. Second, in northern and northeastern France, where dietary traditions are generally more distant from the PNNS guidelines. The positive correlation between education Figure 2 Food consumption by region and educational level. Unadjusted mean and 95% confidence interval. Regions: southwestern France, northern and northeastern France together. Analyses were adjusted for gender, age, BMI, energy intake, marital status and medically prescribed diet. P-interaction value for region Â educational level. P-trend values within regions. Bars: white for p9 years of school, grey for 10 to p12 years, dark for 412 years. ns, nonsignificant.
Education, income and food intake in France K Wyndels et al and the FSIPO score could be related to well-educated people better understanding nutritional messages and then making reasoned healthy food choices (Turrell et al., 2003) . Furthermore, well-educated people tend to adopt healthy nutritional habits more easily and more quickly than less educated people (Roos et al., 2001 (Roos et al., , 2008 Prattala et al., 2003; Darmon and Drewnowski, 2008) . Third, owing to a warmer and drier climate in southern France, F&Vs (accounting for 56% of the region Â educational level interaction) might be more readily available in the HauteGaronne county. However, the supermarkets' supremacy in food sales nationwide makes this hypothesis less probable. The FSIPO score features a small number of food items. Thus, our conclusions depend on these specific food items and their weighting in calculation of the FSIPO score. Our analyses indicated that just over half of the region Â educational level interaction was explained by the F&V component of the score, and underline the importance of this item in the overall FSIPO score. However, extending the analysis to food intake directly (without any weighting in a food score) yielded similar results for F&Vs, calcium and fibres, suggesting that the interaction with educational level is related to nutritional habits in general. For saturated fat, the analysis showed that well-educated people report lower intakes of saturated fats in the northern regions consistent with a healthier food pattern. In contrast, although saturated fat intake is lower on average in the southwest, welleducated people report higher intakes. Finally for simple sugar, well-educated people report higher intakes in the northern regions but not in the southwest. These observations requires further investigation.
In contrast to the influence of educational level, the relationship between income tax level and nutritional habits was much the same in all three regions. The most plausible explanation for this finding is that financial constraints limit access to a wider array of healthy food items. In support of this hypothesis, workers and employees spend 15% less on food than the average household in France, whereas managers spend 10% more than the average (Monceau et al., 2002) . Furthermore, several studies have shown that healthier food items (with a low energy density and high nutrient density) tend to be more expensive . Thus, financial constraints appear to be an important determinant of food choice (Turrell and Kavanagh, 2006 ) and the cost of food represents a barrier to the adoption of dietary advice in low-income populations Darmon and Drewnowski, 2008) . In this study, this constraint appeared to be region independent.
This study used two different but somewhat correlated socioeconomic indicators. In multivariate models including both indicators, the persistence of the relationships and interactions for the FSIPO score, and the F&V, calcium, saturated fat and fibre intakes suggest that educational level and income tax level had independent effects. Although socioeconomic measures are not always interchangeable (Braveman et al., 2005) , these influences seem to be transmitted through different social processes and are therefore likely to have separate, unique contributions to health-related outcomes. This has implications for educational and public health policies; differences related to education suggest the need for locally adapted nutritional education programmes, whereas the uniform relationship with household income supports redistributive taxation and welfare policies across the country as a whole (Turrell et al., 2003) .
Our study has several limitations. First, the selected socioeconomic indicators differ in their ability to assess education and income. Household income tax level is a surrogate marker of income and is not always solely and directly related to disposable income (notably because of the existence of various rebates). This potential bias would tend to lead to underestimation of the interaction between income tax level and region in our analyses. In contrast, the number of years in school is more accurately correlated with educational level. Second, our food intake assessment had some limitations. Although a 3-day food record is reasonably accurate, it lacks precision for rarely consumed foods. Thus, we were not able to test other food scores, such as the PNNS SG (Estaquio et al., 2009) . Third, it has been reported that well-educated people may overestimate their consumption of healthy foods (Vlismas et al., 2009) . However, any such bias would have been mitigated by the fact that a registered dietician validated the dietary assessments during a face-to-face interview. Fourth, the participation rate differed in the three regions, which could differentially affect the social representativeness of the respective samples. However, when compared with the background population in each region (according to 2006 census data), there was no evidence of major discrepancies in occupational and education characteristics (Pigeyre et al., 2011) . Lastly, being on a diet for medical reasons is very likely to influence dietary behaviour. In our study, the FSIPO score was higher in people on a medically prescribed diet. However, the third-order interaction between socioeconomic status, region and medically prescribed diet was not statistically significant. Similarly, exclusion of the subjects on a medically prescribed diet from the analysis did not significantly change our findings.
In conclusion, the relationship between adherence to the PNNS nutritional health guidelines and educational level differs between the north and the southwest of France, whereas the relationship with household income tax level is independent of the region of residence. The practical implication of these findings is that nutritional education programmes and public health messages should be adapted to suit the population in a given region. In contrast, budgetrelated incentives are likely to be appropriate for the entire country. However, these hypotheses should be validated in community intervention trials that assess the extent of these factors' contributions to improvements in nutritional habits.
